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Abstract
Objective
The present study was conducted to identify possible dermoscopic patterns, associated
with mitotic rate > 1/mm2, histological ulceration in melanoma and metastatic disease.
Methods
For this retrospective data analysis all clinical and dermoscopic digital images of primary
malignant melanomas between 2008 and 2013 documented at the Department of Dermatol-
ogy Graz were included, using the internal image data-base. 550 patients with 559 melano-
mas were included.
Results
While clinical or dermoscopic analysis considered ulceration to be present in 120 (21.5%)
and 117 (20.9%) of all lesions, respectively, histopathology reported ulceration in only 96
cases (17.2%). The presence of milky-red areas, shiny-white streaks, a blue-white veil and
blue-grey areas in dermoscopy is highly correlated with histological ulceration and a mitotic
rate > 1/mm2. The dermoscopic patterns shiny-white streaks, milky-red areas and blue-
white veil were also significantly associated with development of distant metastases.
Conclusion
Our study proves a significant correlation between the dermoscopic patterns "blue white
veil“, "milky-red areas”and "shiny-white streaks”and the histological findings "ulceration”and
"mitotic rate > 1/mm2“. Furthermore these dermoscopic patterns are highly related to distant
metastases. Thus, dermoscopy renders earlier prognostic statements possible.
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Introduction
Dermoscopy is a non-invasive diagnostic tool allowing a better visualisation of morphological
details of pigmented skin lesions. This technique bridges the gap between the macroscopic
clinical dermatology and the microscopic dermatopathology [1,2].
Numerous studies proved dermoscopy to be more accurate than naked eye examination for
the diagnosis of cutaneous melanoma. Furthermore, the addition of dermoscopy can reduce
the rate of excision for diagnostic verification significantly [3–5].
2009 the final AJCC version for staging and classification of melanoma was released.
An important modification was that ulceration histologically, besides tumor thickness, is
regarded as a relevant prognostic factor. Moreover, ulceration leads to classification into B of
stage I, II and III tumors [1].
In addition, the mitotic rate was worked out as an important and independent criterion
concerning the survival rate of stage I patients. A strong correlation has been found between
increasing mitotic rate and decreasing survival.
Therefore, a mitotic rate1/mm2 together with tumor thickness and histological ulceration
represents the most important factor for stage I melanomas [1].
Accordingly, the aim of this paper was to evaluate, whether there are any dermoscopic struc-
tures correlating with a mitotic rate1/mm2 or an ulceration histologically. Moreover, we exam-
ined, to what extent a clincal or dermoscopic ulceration coexists with a histological ulceration.
Methods
For this current study all clinical and dermoscopic digital images of patients with primary
malignant melanoma documented at the Department of Dermatology Graz between 2008 and
2013 were included, using the internal image data-base.
The last medical and histological reports of each patient were saved in an individual folder,
containing the respective clinical and dermoscopic pictures of the patients´ lesions.
Additionally an Excel-file was created, containing several clinical and histological
parameters.
The evaluation process of the pictures was done by two experienced dermatologists (EA
and RHW). In case of disagreement a third dermatologist (IZ) was consulted. Approximately
5% of the cases were discussed with the third dermatologist, but the exact intra- and inter-
observer correlations were not calculated.
We evaluated the lesions applying the dermoscopic patterns proposed by the international
consensus meeting [6] and added the criterion "shiny-white streaks" indicating malignant mel-
anoma (Table 1). For lesions located in the face or on the palms and soles the following criteria
for evaluation were applied additionally:
• face: pseudo-network, asymmetric pigmented follicles, anular-granular structures
• palms and soles: parallel-furrow pattern, lattice-like pattern, fibrillar pattern, parallel-ridge
pattern
For statistical analysis of the data frequency comparisons with the Chi-Quadrat-Test were
applied. For doing this we used the SPSS-23 software.
Ethical aspects
As we used patients´ data, an ethics committee approval was obtained before starting the data
collection.
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Results
A total of 550 patients with 559 melanomas were included in our retrospective study (272
women; 49.5% and 278 men; 50.5%). The average age of patients was 64.5 years at time of
diagnosis.
97 were melanoma in situ, 251 pT1a, 67 pT1b, 35 T2a, 14 T2b, 31 T3a, 25 T3b, 11 T4a, 28
T4b. 190 melanomas were located in the face, 207 at the trunk, 122 at the extremities and 40 at
the palms and soles.
While clinical or dermoscopic analysis considered ulceration to be present in 120 (21.5%)
and 117 (20.9%) of all lesions, respectively, histopatholgy reported ulceration in only 96
(17.2%).
In 121 (21.6%) a "mitotic rate1/mm2" was reported in histopathology and 96 melanomas
(17.2%) showed ulceration histologically. It became apparent that the dermoscopic patterns
"shiny-white streaks“, "milky-red areas”and a "blue-whitish veil”were highly correlated with
both histological findings "ulceration”and "mitotic rate> 1/mm2", respectively (p< 0,001).
318 (56.9%) invasive melanomas had a tumor thickness less than 1mm. 43 (14.4%) of these
had a mitotic rate1/mm2. The dermoscopic features "peripheral streaks”, "shiny-white
streaks", a "blue-whitish veil" and "blotches" were highly correlated with a mitotic rate1/
mm2 in these tumors, respectively.
In 110 patients a sentinel-lymphnode biopsy was performed and 45 (40.9%) showed a posi-
tive result. No association could be substantiated concerning dermoscopic patterns and a posi-
tive sentinel-lymphnode.
29 (5.2%) of the patients suffered from distant metastases over the course of time. The
median follow-up time was 22 months. The analysis of dermoscopic patterns proved that
"shiny-white streaks“, "milky-red areas”as well as a "blue-whitish veil”were suggestive of the
presence of distant metastases (p< 0,001) (Table 1).
At time of primary diagnosis the frequency of stages according to the AJCC 2009 classifica-
tion was divided as follows: IA 1 patient, IB 2 patients, IIA 2 patients, IIB 1 patient, IIC 5
patients, IIIA 3 patients, stage IIIB 7 patients and stage IV 8 patients. Table 1 shows the distri-
bution of the dermoscopic patterns "milky-red areas", "shiny-white streaks" and "blue-whitish
veil" depending on stage. Significant stage specific conclusions cannot be made (Table 2).
Discussion
A good correlation between some dermoscopic features and invasive melanomas has already
been confirmed [2,7–12]. Several authors [2,7–11] proved the presence of radial streaming,
Table 2. Distribution of the dermoscopic patterns "milky-red areas", "shiny-white streaks" and "blue-
whitish veil" in primary melanomas leading to metastatic disease depending on stage.
Stage (according to the AJCC 2009
classification)
n milky-red
areas
shiny-white
streaks
blue-withish
veil
IA 1 0 0 1
IB 2 1 2 2
IIA 2 0 1 2
IIB 1 1 0 1
IIC 5 3 2 5
IIIA 3 2 3 3
IIIB 7 5 3 3
IIIC 0 0 0 0
IV 8 2 5 4
https://doi.org/10.1371/journal.pone.0174871.t002
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atypical vascular pattern and grey blue areas to be associated with melanomas thicker than
0.75mm. However, there is little known about the correlation between dermoscopic findings
in melanomas and both histological ulceration and mitotic rate1/mm2 or the prognosis of
the disease [13,18].
In our study, the presence of "shiny-white streaks", "milky-red areas" and a "blue-whitish
veil" in dermoscopy was highly associated with an ulceration in histology and a mitotic rate
1/mm2 (Figs 1 and 2). These results are of considerable importance, since a histological
ulceration and a mitotic rate1/mm2 had been worked out as independent prognostic factors
in cutaneous melanoma [1]. Moreover, some studies suggest a high mitotic rate to be a more
important prognostic factor than histological ulceration and tumor thickness [14,15].
Fig 1. Histologically ulcerated melanomas showing shiny-white streaks (A), a blue-whitish veil (B)
and milky-red areas (C).
https://doi.org/10.1371/journal.pone.0174871.g001
Fig 2. Melanomas with a mitotic rate >1/mm2 revealing shiny-white streaks and milky-red areas (A), a
blue-whitish veil (B) and milky-red areas (C). These tumors had a tumor thickness less than 1mm.
https://doi.org/10.1371/journal.pone.0174871.g002
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Underlining the prognostic importance of a high mitotic rate, the work of Shen et al. [16]
proved that melanomas with a very high mitotic activity (>10/mm2) were predominantly
thick and ulcerated nodular tumor subtypes. Furthermore, the recent study of Wang et al. [17]
proved a strong correlation between mitotic rate and Ki-67 expression. These results empha-
size again the prognostic relevance of a high mitotic rate, since the proliferative activity, as
defined by Ki-67 monoclonal antibody, has already been proven to be an unfavourable prog-
nostic factor in melanomas [18].
96 (17.2%) of our melanomas showed ulceration in histology. Strikingly, we found a poor
correlation between clinical or dermoscopic and histological ulceration. We speculate that this
finding might be due to trauma or a previous punch biopsy.
As ulceration is an important criterion in the AJCC 2009 classification system, the question
of whether this might be a result of under-reporting in histopathology or over-estimation in a
clinical setting requires further study.
Concerning invasive melanomas with a tumor thickness of less than 1mm, our study shows
a strong association between the dermoscopic patterns "peripheral streaks", "shiny-white
streaks", "blotches" and a "blue-whitish veil" and a mitotic rate1/mm2 in these tumors (Fig
3). These results indicate that even in thin melanomas those above mentioned unfavourable
criteria are valid suggesting a high proliferative activity in melanomas.
The work of Gonza´lez-A´lvarez et al. [13] revealed the presence of blotches and ulceration
dermoscopically and the absence of a pigmentnetwork, as well as an ulceration in histopathol-
ogy to be highly correlated with a positive sentinel-lymphnode biopsy. In this present study,
however, this correlation could not be substantiated. Our results are in accordance with one
retrospective study [19] revealing no dermoscopic features associated with a positive sentinel-
lymphnode.
29 (5.2%) of our patients developed distant metastases over the course of time. Our results
confirm the presence of the dermoscopic patterns "shiny-white streaks", "milky-red areas" and
a "blue-whitish veil" to be highly associated with distant metastases (Fig 4). These results there-
fore allow a precautious prognostic estimation. Limitations of this study are the retrospective
Fig 3. Melanomas with a tumor thickness of less than 1mm and a mitotic rate1/mm2 showing
peripheral streaks (A), shiny-white streaks (B), irregular blotches (C) and a blue-whitish veil (D).
https://doi.org/10.1371/journal.pone.0174871.g003
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design and the fact that intra- and inter-observer correlations for the different clinical and der-
moscopic criteria were not evaluated.
In conclusion, our results prove a strongly significant correlation between the dermoscopic
patterns "shiny-white streaks", "milky-red areas" as well as a "blue-whitish veil" and the unfa-
vourable histological findings "ulceration" and "mitotic rate> 1/mm2".
Furthermore, we verified an association between these patterns and the presence of distant
metastases.
Focussing on thin melanomas of less than 1mm thickness, it has to be emphasised that the
above mentioned dermoscopic features are also of relevance. Tumors exhibting these patterns
are consequently classified as stage Ib. Hence, even in thin melanomas, dermoscopy proves to
be a method of high accuracy. The correlation to histology is striking, thus underlining the sig-
nificance of dermoscopy for prognosis even in early tumor stages.
Supporting information
S1 File. Data base melanoma.
(XLSX)
Author Contributions
Conceptualization: RHW EA.
Data curation: RHW TD.
Formal analysis: RHW TD EA IZ CM JGL AO.
Investigation: RHW TD EA IZ JGL AO.
Methodology: RHW EA.
Project administration: RHW EA TD.
Resources: RHW TD EA IZ.
Fig 4. Melanomas exhibiting distant metastases show shiny-white streaks (A), a blue-whitish veil (B)
and milky-red areas (C).
https://doi.org/10.1371/journal.pone.0174871.g004
Dermoscopy of melanoma according to the criteria "ulceration" and "mitotic rate"
PLOS ONE | https://doi.org/10.1371/journal.pone.0174871 April 11, 2017 7 / 9
Software: RHW EA TD GS.
Supervision: RHW TD EA IZ CM JGL AO.
Validation: RHW TD EA IZ CM JGL AO GS.
Visualization: RHW TD EA IZ JGL AO.
Writing – original draft: TD.
Writing &#x2013; review & editing: TD RHW.
References
1. Balch CM, Gershenwald JE, Soong S, Thompson JF, Atkins MB, Byrd DR et al. Final Version of 2009
AJCC Melanoma Staging and Classification. Journal of Clinical Oncology. 2009; 27:6199–6205 https://
doi.org/10.1200/JCO.2009.23.4799 PMID: 19917835
2. De Giorgi V, Carli P. Dermoscopy and preoperative evaluation of melanoma thickness. Clinics in Der-
matology. 2002; 20(3):305–8 PMID: 12074872
3. Vestergaard ME, Macaskill P, Holt PE, Menzies SW. Dermoscopy compared with naked eye examina-
tion for the diagnosis of primary melanoma: a meta-analysis of studies performed in a clinical setting.
British Journal of Dermatology. 2008; 159(3):669–76 https://doi.org/10.1111/j.1365-2133.2008.08713.x
PMID: 18616769
4. Carli P, de Giorgi V, Chiarugi A, Nardini P, Weinstock MA, Crocetti E et al. Addition of dermoscopy to
conventional naked-eye examination in melanoma screening: a randomized study. Journal of the Amer-
ican Academy of Dermatology. 2004; 50(5);683–9 https://doi.org/10.1016/j.jaad.2003.09.009 PMID:
15097950
5. Argenziano G, Ferrara G, Francione S, Di Nola K, Martino A, Zalaudek I. Dermoscopy-the ultimate tool
for melanoma diagnosis. Seminars in Cutaneous Medicine and Sugery. 2009; 28(3):142–8
6. Argenziano G, Soyer HP, Chimenti S, Talamini R, Corona R, Sera F et al. Dermoscopy of pigmented
skin lesions: results of a consenus meeting via the internet. Journal of the American Academy of Der-
matology. 2003 May; 48(5):679–93 https://doi.org/10.1067/mjd.2003.281 PMID: 12734496
7. Stante M, De Giorgi V, Cappugi P, Giannotti B, Carli P. Non-invasive analysis of melanoma thickness
by means of dermoscopy: a retrospective study. Melanoma Research. 2001; 11(2):147–52 PMID:
11333124
8. Argenziano G, Fabbrocini G, Carli P, De Giorgi V, Delfino M. Clinical and dermatoscopic criteria for the
preoperative evaluation of cutaneous melanoma thickness. Journal of the American Academy of Der-
matology. 1999; 40(1):61–8 PMID: 9922013
9. Argenziano G, Fabbrocini G, Carli P, De Giorgi V, Delfino M. Epiluminescence microscopy: criteria of
cutaneous melanoma progression. Journal of the American Academy of Dermatology. 1997; 37(1):68–
74 PMID: 9216525
10. Silva VP, Ikino JK, Sens MM, Nunes DH, Di Giunta G. Dermoscopic features of thin melanomas: a com-
parative study of melanoma in situ and invasive melanomas smaller than or equal to 1mm. Anais Brasi-
leiros de Dermatologia. 2013; 88(5):712–7 https://doi.org/10.1590/abd1806-4841.20132017 PMID:
24173175
11. Ciudad-Blanco C, Avile´s-Izquierdo JA, La´zaro-Ochaita P, Sua´rez-Ferna´ndez R. Dermoscopic findings
for the early detection of melanoma: an analysis of 200 cases. Actas Dermo-Sifiliogra´ficas. 2014; 105
(7):683–93 https://doi.org/10.1016/j.ad.2014.01.008 PMID: 24704190
12. Shitara D, Ishioka P, Alonso-Pinedo Y, Palacios-Bejarano L, Carrera C, Malvehy J et al. Shiny white
streaks: a sign of malignancy at dermoscopy of pigmented skin lesions. Acta Dermato-Venerologica.
2014; 94(2):132–7
13. Gonza´lez-A´ lvarez T, Carrera C, Bennassar A, Vilalta A, Rull R, Alos L et al. Dermoscopy structures pre-
dictors of sentinel lymph node positivity in cutaneous melanoma. British Journal of Dermatology. 2014;
14. Barnhill RL, Katzen J, Spatz A, Fine J, Berwick M. The importance of mitotic rate as a prognostic factor
for localized cutaneous melanoma. J Cutan Pathol. 2005; 32(4):268–73 https://doi.org/10.1111/j.0303-
6987.2005.00310.x PMID: 15769275
15. Azzola MF, Shaw HM, Thompson JF, Soong SJ, Scolyer RA, Watson GF et al. Tumor mitotic rate is a
more powerful prognostic indicator than ulceration in patients with primary cutaneous melanoma. Can-
cer. 2003 Mar; 97(6):1488–98 https://doi.org/10.1002/cncr.11196 PMID: 12627514
Dermoscopy of melanoma according to the criteria "ulceration" and "mitotic rate"
PLOS ONE | https://doi.org/10.1371/journal.pone.0174871 April 11, 2017 8 / 9
16. Shen S, Wolfe R, McLean CA, Haskett M, Kelly JW. Characteristics and associations of high-mitotic-
rate melanoma. JAMA. 2014; 150(10):1048–55
17. Wang Y, Xue WC, Si L, Cui CL, Lu AP, Cao DF et al. Correlation between tumor cell proliferation and
prognosis of primary cutaneous malignant melanoma in 127 patients. Zhongua Bing Li Xue Za Zhi/Chi-
nese journal of pathology. 2013; 42(3):178–81
18. Smolle J, Hofmann-Wellenhof R, Soyer HP, Stettner H, Kerl H. Nuclear size and shape parameters cor-
relate with proliferative activity in cutaneous melanocytic tumors. Journal of Investigative Dermatology.
1989; 93(1):178–82 PMID: 2746003
19. Pagnanelli G, Bono R, Pizzichetta MA, Talamini R, Ascierto PA, Testori A et al. Clinical and dermo-
scopic criteria related to melanoma sentinel lymph node positivity. Anticancer Research. 2007; 27
(4C):2939–44 PMID: 17695474
Dermoscopy of melanoma according to the criteria "ulceration" and "mitotic rate"
PLOS ONE | https://doi.org/10.1371/journal.pone.0174871 April 11, 2017 9 / 9
